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Effects of Microbial Agents on the Growth and Rhizosphere
Fungal Community Structure of Silage Maize
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Abstract: Silage maize was used as a test material to analyze the effects of microbial agents on the biological

traits and the fungal community structure of rhizosphere soil at different growth periods. A total of 1 104 318 effec-

tive sequences and 1 146 OTUs were obtained by gene sequencing, which were annotated to 12 phyla, 40 classes, 94

orders, 203 families, 396 genera and 541 species. Combined with the alpha diversity and bacterial cluster analysis,

the fungal community structure of each group was significantly different. The species diversity index of the experi-

mental group decreased, but the relative abundance of beneficial bacteria increased. Chaetomium was the absolute

dominant genus in the experimental group. The results showed that microbial inoculant treatment improved the bio-

logical yield and nutritional quality of silage maize, and optimized the fungal community structure of rhizosphere soil.
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Table 1 ~ Comparison results of biological yield of silage maize samples

Ab B B 55 (cm) ZEH (mm) T 5 (cm) 7= (kg/hm?)
Treatment Plant height Stem diameter Ear height Yield

(R e | 292.8+4.6 a 26.3+0.4 a 106.9+3.5 a 76 759.87+1 883.34 a

pagiistil 291.248.1 a 24.0+0.7 b 102.3+4.6 b 72 105.67+1 592.45 b

12 : [RIBUARING TR R AR R b [ b B ) 22 55 4 35 (P<0.05), N ER[A),
Note: Different lowercase letters in the same column indicated significant differences between different treatments for the same index(P<0.05).

The same below.

x2 BUREREFHINRER
Table 2 Nutrient content control results of silage maize %
b T4 HLHEH g Wi BE B RRAPEVE TR AT 4 PR AT 4
Treatment Dry matter Crude protein Fat Starch ADF NDF
EW e 28.75+2.33 a 8.47+0.17 a 2.98+0.07 a 28.90+0.97 a 21.7+0.07 a 40.3+0.28 a
XL 27.90+0.81 b 8.40+0.26 a 2.73+0.14 b 23.75+1.56 b 27.6x1.13 b 43.1+4.16 b

®3 BUEERTWRTENRER

Table 3 Comparison results of mineral elements in silage maize %
Ak i B B B
Treatment Ca p K Mg
R H 0.19+0.01 0.24+0.02 1.38+0.04 0.14+0.02
Xt I ZH 0.17+0.02 0.23+0.01 1.26+0.01 0.12+0.02
2.2 RERTEEREEEWSFES T Shannon $8 £, ¥4 3 Alpha ZFEPER REITZE . IR 1
221 ARFRLIE AR MAY S HME AT AJ 1, Shannon H8 £ e AT A 28 s Ha 1] P40, 156 A AE

FHIATRIAL BEZSAE T B0 SO SRS AT Py i DUBE 3 I A TR DS, mT LS A i v
TIEREAD T (R HTEAR R PR RCEY BREZEONHED YRGS . FEA RANK 48
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Table 4 Fungal sequencing results of soil samples in 3 biological replicates

4 5 IR RIRTAECGR) IR ARUTIIEGGY) BRI BRI (bp)
Group Sample 1D Raw reads Clean tags Effective tags Data utilization Avglen
TS (A L) 1 70 037 68211 59 827 97.29 310
2 69 851 68 492 61 658 97.90 305
3 70 128 68 645 59 338 97.72 310
TN HRZH (A2) 1 70 383 68 933 61538 97.51 309
2 69 270 67871 61 154 97.84 307
3 69 409 67 892 58 390 97.83 311
WAL (BI) 1 68 970 67 629 63 157 97.58 312
2 70 984 68 282 61 093 97.83 313
3 69 600 68 216 61 424 97.90 309
PATIIXT R ZH (B2) 1 70 875 67752 58 813 94.84 330
2 69 981 68 523 62 048 97.76 311
3 79 690 69 617 61 769 86.13 309
A (C) 1 69978 68 652 61970 97.96 306
2 71 181 69 139 62614 96.52 312
3 70 653 69 148 61 841 97.47 314
AR EL (C2) 1 72033 69 410 62615 95.76 321
2 70 106 68 403 61716 97.12 312
3 70 042 68 535 63 353 97.39 316
.-
A B A
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% e g 104
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g8 || #<
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175) ﬁ % 01
rﬁ W At M
M =gf 0.01
W B2
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o- Hc2 0,001
C’) 10.:)00 ZO.\E}OO 50,2300 40.;)00 SO,bOU 60‘:700 ! é 160 260 300 450 560
Fe il F & (%) OTUs #(& (/M)
Number of sequences sampled Number of OTUs

- A FR Alpha ZHEERBETZE ; B 28 RANK 2k

Note: A represents the alpha diversity rarefaction curve; B represents the rank curve.
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Fungal diversity in rhizosphere soil of silage maize at different stages and treatments
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Table 5 Fungal community richness and diversity index of silage maize rhizosphere soil
R R SRR B

il Abundance index Diversity index Coverage index

Group Sobs T84 Chao #5841 Ace 8%k Shannon 545 Simpson 20 Coverage FREC

Sobs index Chao index Ace index Shannon index Simpson index Coverage index
HWHAILH(AL)  422.67+28.13a  521.29:38.02a  50047+38.889a  3.248+0.121a  0.117+0.041a  0.998 5:0.000 2 a
R4 (A2) 377.67+£39.80 b 469.47+42.04 b  471.62+31.459b 2.900+0.107 b 0.145+0.029 b 0.998 4+0.000 1 a
WIHIEALB1)  463.33+25.70 ¢ 537.09+34.07 ¢ 538.26+33.684 ¢ 3.561+0.272 ¢ 0.086+0.049 ¢ 0.998 5+0.000 1 a
WIHIEA1(B2)  429.00+49.57 d 530.63+77.07d  528.64+69.525 d 3.460+0.077 ¢ 0.078+0.009 ¢ 0.998 3+0.000 3 a
AIHIEAL(C1)  414.67x54.86 ¢ 469.06+£35.56 b 478.39+34.328 ¢ 2.725+1.207 d 0.283+0.251d  0.998 7+0.000 3 a
BCAAYEA(C2)  416.33+61.01 ¢ 468.70+4535b  462.37+43.841 f 3.667+0.700 e 0.064+0.048 ¢ 0.998 9+0.000 2 a

1 T4 HE 20 (P<0.05) , Sobs Fl1 Chao 880G i % 25 7
(P>0.05) BARAFERT I F KA JEI 3557 AR PR
T HE TR F B e O W R R R A B in
T R R

e Z R T, AN A K BT, 3
7 T 0 2 A LT e B e 2 Ak B - 9 R
Shannon 5 £ 5 , Simpson 18 2R A% . AN 7] 4b X
LA, A1 b PR 4 3 ECB 1Y Shannon 5 00 3 5 T
A2 4h L (P<0.05), C1 Ab B - 38 F1 1 A9 Simpson 45 %1
BT C2 4B (P<0.05), B1 . B2 4b 3+ 32 EL T (1)
Shannon Fl Simpson $§ 8 JC 2. 3% 22 5% (P>0.05). 15
BRI Pl A B RAAR T R EL R B R S REERR B
B1 &b HRT C2 b BEAR B 4 48 BB W R 1 25 S i
Bio LRSS SR, FT LA T, DOk

A1
e
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N UE DI RER S5, A f R W TR JE AR
JEE Y, B A AT R A O TR U A R 1) )
1£34 .

3 o R PN 2 S T B DXL PR Y, 3R AS LA I
H111273 171 45, PH4% Tags 155 1 104 318 55, K5 AHAL
JZ97% L) 1 tags J¥ 5N A —4> OTU HRT, 184>
B FORARPR HIEREA LG 2 1 146 1~ OTUs, ]
Venn B AEAH [F] b B A& A4 AN TR] s S AR s - 498 v B
HBCE AR IR LA BRAEAA 10114~ OUTs, X} IR
H AN 967 4~ OTUs. 78 B3] 38755 301 A1 2]
P, 45 A B 20 Y B REA OUTSs Bl #49 B B Ik T 4%
B A OUTs $ii , B RHAEAS [R] A= Km0 A [R] b
PRAE P ARPR H I BRI A 22 RN

A FTRIRIRAL(EG) Venn B 5 B 7R X FRAL(CG)Venn B ; C 7R Core—Pan &l

Note: A represents the Venn diagram of the experimental group(EG); B represents the Venn diagram of the control group(CG); C represents the Core—Pan

diagram.
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Fig.2  Distribution of fungal OTU among silage maize rhizosphere soil samples

L OTU Core—Pan K ZFRAEAN AL FE AS[A] s+
HMEREY MBS S, 18 MREAR f It [FE & A
OTUs266 1, 15 [ 23.21% , i3 56 20 b 33 1 36T

W] R AT 35 .42 .50 4 OTUs, % I 20 40 38 5
9 PR A R R A 16,2259 OTUs. i
ASTA] Ab FR A A SRR A [B]) EL R Y PR A AE 22 57, 45 R



3 B WA A W R T I R A K AR BR BRI 454 (45 ) 105

[ L 08 ) Fh 04 R5 S0 C2>CI>BI>AT>B2>A2, 1 ]
AR S Wy R R b RS R 1 AR PR e
R E B, C1 AR PR R LR 0 T % .
222 MRFREEAABLLEM S 2 F M

18 MARBR T IEAEAS ) OTUs ey S 1217
4044.94 H 203 FBF. FET 1R (K 3), Pish
SR FRAEA T, BT AR XS 35 B TOP10 BY TR ] i Fb
Y1k 98.6% LA L, AR IrFETTTAHXS 42 B £ 41 (0.39% ~
1.319%) , Ui BAAR PR SEREAS 2200 ORI B R Rl
¥ 55 T 2E TR ] (Ascomycota) , #1F 1 ] (Basidiomyco-
ta) . 4% B [ ] (Chytridiomycota) . # 4 2 ['] (Mortierello-
mycota) . & 8% [ '] (Mucoromycota) . BR % [ | ] (Glomero-
mycota), & 2% B '] (Rozellomycota) . ¥ E 4% i []
(Monoblepharomycota) , #ii 2 | ] (Kickxellomycota), M
193 28K - 23Kt L A ) AR K136 20 5 00 R 2 A
I T TR R T TR TR T 2OLBER
FOFFRIARAL P, R B W B I FORMR PR - 4]
IR WA LR, AN R AR R AN [R) AT

A WAl
. W A2
M BI
g B2
= Hcl
=J
X HC2
‘EE(-D 604
‘H‘<
'S
Es
[}
&,
i 1 bg%
o - & r
S0 & L 2 B oo s’ S
B SOOI SO0 SaS
A S RS OERS BN SIS RSO
*vf*%‘é‘%%fﬁﬁ%ﬁ&é *@%@%‘9&@%‘%@

HHEYF Species

T AR DK YT 22 57 LU AL ;s B 2R LAV PCoA 73T -

MARXT 22 R 2 . TR IFEA RIAb 32 iy
i b4 51 R 92.75% (A1), 94.26% (A2) . 89.12% (B1)
84.19%(B2).87.13%(C1) .81.84%(C2), %} MR ZH AL P T
TR AR = B A e 4 Ak 3 I SRR AR, gk
BRI fe 5 7T [ T FEAS IR A BREH vp i) o L)
4 3.56%(A1).3.80%(A2) .6.43%(B1).11.93%(B2)
10.79%(C1) . 14.76%(C2) , %} B £H 4b B i 45 7 14 | T 41
X 5 B A e 20 Ak B I 2 I, R v kY B B
R

PCoA 43 W], WA A B X rpr , LB REVR 1Y
3AMEYEE AT 244 A 53 B PR b FAR
NZ A W, HeT 7 22 5Tk A ik AN )
3 BRI i 2 S A AR R JRE 5 — 2 o3 (R A ) fie
BE43.02% MRV 22 5, 5 — Lo (N AR b i e T
20.24% W) HE 5 22 5, RTUHRE 63.26% , 5 2 i %
fE T EL DBV 45 M 10 22 Sk, T O 22 03 ik e
A1-A2-B1-B2-C1-C2 41 ] 25 5% (P<0.001), i} B 4%
HFEAS TR AR PR I B AR A5 25 57 o

034

e Al
B A A2
024 N 4 BI
= | *B2
x * mCl
& o S *C2
g ‘e
n
% 0.0 AL [ ]
8 ¢ T [ ] A
-0.1 * . t
024

T T T T T T
-0.2 -0.1 0.0 01 02 0.3

PCoA1(43.02%)

Note: A represents the comparison of key species differences at the phylum level; B represents the PCoA analysis of the fungal community.
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Fig.3  Analysis of fungal community differences between different samples
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Fig.4 Relative abundance of fungal communities under different taxonomic levels and treatment conditions
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